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(54) Tubing hanger with annulus valve 

(57) A subsea wellhead apparatus includes a subsea wellhead housing 10 installed at the ocean floor, a 
casing hanger 12 connectable to the to the upper end of a casing string and supported in the bore of the 
housing to suspend the casing string in the well bore, and a tubing hanger 13 connectable to the upper end of 
a tubing string and also supported within the housing bore above the casing hanger for suspending the tubing 
string within the casing string. A primary valve 42 and a secondary emergency valve 54 are installed in senes 
for controlling a passageway in the tubing hanger which connects the annulus between the casing and tubing 
strings with the bore of the housing above the tubing hanger and thus with an additional passageway in a 
Christmas tree which is installed on the head above the tubing hanger. 
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SUBSEA WELLHEAD APPARATUS 

This invention relates generally to subsea wellhead 
apparatus which includes, among other things, a subsea 
wellhead housing installed at the ocean floor, a casing 
hanger connectable to the upper end of a casing string and 
supported in the bore of the housing to suspend the casing 
string in the well bore, and a tubing hanger connectable to 
the upper end of a tubing string and also supported within 
the housing bore above the casing hanger for suspending the 
tubing string within the casing string- More particularly, 
it relates to improvements in such apparatus which includes 
valve controlled passageway means in the tubing hanger 
which connects the annulus between the casing and tubing 
strings with the bore of the housing above the tubing 
hanger and thus with additional passageway means in a 
Christinas tree which is installed on the head above the 
tubing hanger. 

During the completion of an offshore well, the casing 
and tubing hangers are lowered into supported positions 
within the wellhead housing through a blowout preventer 
(BOP) stack installed above the housing. Following 
completion of the well, the BOP stack is replaced by a 
Christmas tree having suitable valves for controlling the 
production of well fluids. The casing hanger is sealed off 
with respect to the housing bore and the tubing hanger is 
sealed off with respect to the casing hanger or the housing 
bore, so as to effectively form a fluid barrier between the 
annulus between the casing and tubing strings and the bore 
of the housing above the tubing hanger. However, during 
completion of the well as well as following completion of 
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the well, there may be reasons to coininunicate between the 
annulus and Christmas tree and thus perait fluid 
circulation between them. Hence, it has been proposed to 
provide the tubing hanger with valves (known as "annulus 
valves") for controlling flow through passageway means in 
the tubing hanger connecting the annulus and bore, whereby 
the passageway means may be closed and well fluid contained 
at least during those intervals in which the BOP stack or 
Christmas tree is removed. 

Commonly owned U.S. Patent 5,143,158 relates to 

wellhead equipment 

including a tubing hanger having an annulus valve which is 
an improvement in many respects over prior valves of this 
general type. Like any other valve, however, this annulus 
valve is susceptible of failure for various reasons, such 
as malfunction of the operating system for shifting the 
valve member between alternate positions, leakage of one or 
more seal rings, etc. The inability to close such a valve 
in this particular environment could be catastrophic 
because there is no way to repair or replace it without 
removing the tree and penetrating the tubing hanger to 
obtain access to it, all of which would result in loss of 
the fluid pressure barrier across the hanger. Hence, it is 
an object of this invention to provide wellhead equipment 
which is so constructed and arranged as to overcome this 
and other problems with prior equipment and valves of this 
type, and, more particularly, which provides a means by 
which flow through the passageway means may be easily and 
quickly shut off in such emergency situations without 
having to penetrate the tubing hanger. 

In the preferred and illustrated embodiment there is 
provided a subsea wellhead, which includes a wellhead 
housing, a 
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casing hanger, and a tubing hanger supported within the 
bore of the housing as above described, together with a 
Christinas tree removably mounted on the housing above the 
upper end of the tubing hanger and having second passageway 
means forming a continuation of the upper end of the 
passageway means in the tubing hanger, to connect with the 
annulus between the suspended casing and tubing strings 
beneath the tubing hanger with the bore of the housing 
above the tubing hanger. As in prior apparatus of this 
type, a primary valve having a valve member is installed in 
the first passageway means and has means thereon which is 
responsive to a remote source of fluid pressure for 
selectively moving said first valve member between opened 
and closed position. This valve may, but is not 
necessarily, be made in accordance with the aforementioned 

Patent No. 5,143,158. A second, emergency valve 

including a second valve member is also installed in the 
first passageway means in series with the first valve 
member and has means for moving said second valve member 
from a normally open to a closed position independently of 
operation of the first valve member, whereby, the first 
passageway means may be closed in an emergency situation in 
which the first described valve malfunctions, and the tree 
replaced by BOP stock so that necessary repairs may be 
made. Preferably the means for so moving the second valve 
member includes means which is responsive to a second 
remote source of fluid under pressure. 

In the illustrated and preferred embodiment, the 

tubing hanger has an elongate cavity with a 

side inlet from and a side outlet to the first passageway 
means, and the second valve member includes a spool which 
is sealably shiftable longitudinally within the cavity 


between open and closed positions respectively connecting 
and disconnecting the inlet and outlet. More particularly, 
the spool has a hole through it to balance forces across it 
due to fluid pressure on its opposite ends. 

Still further, the second valve member has a stem 
extending through one end of the cavity, and a piston is 
reciprocable in a cylinder in the Christmas tree for 
receiving fluid pressure from the above mentioned remote 
source of pressure fluid to urge it against the stem and 
thus move second valve member to closed position. More 
particularly, the stem has means thereon which may be 
grasped from above the tubing hanger in order to move the 
second valve member back to open position. 

In the drawings, wherein like reference characters are 
used throughout to designate like parts: 

Figs. 1 and 2 are vertical sectional views of 
respectively upper and lower portions of a subsea wellhead 
constructed in accordance with the present invention, and 
showing the valve member of the first or main valve as well 
as the valve member of the second or emergency shutoff 
valve in their open positions to permit flow through the 
passageway means in the tubing hanger connecting the 
annulus between the casing and tubing strings with the 
upper end of the tubing hanger and thus with additional 
passageway means in the Christmas tree installed on the 
wellhead above the tubing hanger; 

Figs. 3 and 4 are similar views of the upper and lower 
portions, respectively, of the wellhead apparatus Figs. 1 
and 2, but with the pistons in the tree shown in a 
rotationally oriented position and lowered to move the 
valve member of the emergency shutoff valve to its position 
closing the passageway means through the tubing hanger; 

Fig. 5 is a cross-sectional view of a lower portion of 
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the tubing hanger, as seen along broken lines 5-5 of Fig. 
2, and showing the lowermost passageway section connecting 
the lower end of the tubing hanger with the lower end of 
the cavity in which the valve member of the primary valve 
5 reciprocates, and a lateral port connecting the lowermost 
section with a vertical passageway section intermediate the 
valve members; 

Fig. 6 is another cross-sectional view of an 
intermediate portion of the tubing hanger, as seen along 

10 broken lines 6-6 of Fig. 2, and showing the upper end of 
the intermediate section of the passageway means connected 
by a lateral port to an inlet to the cavity in the tubing 
hanger in which the valve member of the second or emergency 
shutoff valve reciprocates; 

15 Fig. 7 is still another cross-sectional view of the 

tubing hanger, as seen along broken lines 7-7 of Fig. 1, 
and showing an outlet from the upper end of the cavity for 
the secondary valve connecting with a lateral port leading 
to an upper section of the passageway means in the tubing 

20 hanger connecting with its upper end; and 

Fig. 8 is a still further cross-sectional view of the 
tubing hanger, as seen along broken lines 8-8 of Fig. 1, 
and showing plugs closing the upper ends of the cavities 
for the first and second valve members as well as the upper 

25 end of the upper section of the passageway means at its 
intersection with a cylindrical recess in the upper end of 
the hanger in which a lower extension of the Christmas tree 
is received. 

With reference now to the details of the above- 
30 described drawings, the overall wellhead equipment includes 
a wellhead housing 10 adapted to be installed in an upright 
position on the ocean floor and having a bore 11 
therethrough connected to the upper end of an outermost 


casing string (not shown) to form an upward continuation of 
the well bore and string. A casing hanger 12 is installed 
within the bore of the housing to suspend an inner casing 
string (not shown) within the outer string, and an annular 
space between the outside of the casing hanger and the bore 
11 of the wellhead housing is closed off by a seal assembly 
12A which may be removably installed and locked in the 
position shown in any suitable manner, as in the manner 
shown and described in Patent No. 4,757,860, also assigned 
to the assigned of the present application. 

A tubing hanger 13 is also installed in the bore of 
the wellhead housing and supported on the upper end of the 
casing hanger to suspend a tubing string 14 therefrom 
within the inner casing string. The annular space between 
the tubing hanger and a bore through the casing hanger is 
closed off by a seal assembly 13A similar to the assembly 
12A, and the tubing hanger is held down in supported 
position by a lock ring 15 held in locking engagement with 
grooves about the bore of the housing by a wedge 16, 
installed in a wedge-shaped space between the inside of the 
lock ring and a tubular extension 17 on the upper end of 
the tubing hanger. 

A Christmas tree 20 is installed on the upper end of 
the wellhead housing 10 and secured thereto by a lock ring 
21 of a suitable connector, such as that shown and 
described in Patent No. 4,497,172, also assigned to the 
assignee of the present application. As described in such 
patent, the lock ring is adapted to be wedged radially 
inwardly in order to preload the flexible lips of a seal 
ring 22 into sealing engagement with the inner tapered 
surfaces at the upper end of the wellhead housing bore and 
the lower end of the Christmas tree. 

The tubing hanger has a bore 23 therethrough which 


1 


7 


forms an upward continuation of the tubing string 14, and 
the Christmas tree has a central bore 24 therethrough 
forming an upward continuation of the bore through the 
tubing hanger. These bores are connected by an 
5 intermediate sleeve 25 which is received in enlarged 
portions of the upper end of the bore through the tubing 
hanger and the lower end of the bore through the Christmas 
tree. This sleeve has several passages for connecting 
ports in the hanger as well as in the tree to pass fluid 

10 under pressure to and from suitable locations in the 
wellhead, all in a manner well known in the art. 

The outer diameter of downwardly extending tubular 
extension 26 forming the enlarged portion of the bore 
through the Christmas tree extends closely into the upper 

15 tubular extension 17 of the tubing hanger. An annular 
recess 27 extends upwardly from the lower end of the lower 
tubular extension of the tree, and a seal assembly 29 
similar to those above described is disposed between the 
tubular extensions at the upper end of the tubing hanger 

20 and lower end of the Christmas tree. Thus, this seal 
assembly cooperates with the seal assemblies 12A and 13A to 
form a fluid barrier across the bore of the wellhead 
housing. 

As shown and described in connection with the annulus 
25 valve of the aforementioned Patent No. 5,143,158, the 
passageway means through the tubing hanger includes a 
lowermost passageway section 4 0 extending upwardly from the 
lower end of the tubing hanger and leading to the lower end 
of an elongate cavity 41 formed in the tubing hanger in 
30 axial alignment therewith. A valve member 4 2 is received 
in the cavity for vertical reciprocation between an upper 
position, as shown in Figs. lA and IB, wherein seal rings 
about its lower end are above a side port 45 connecting the 
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lowermost passageway section with an intermediate vertical 
section 46 extending parallel thereto, as shown is Figs. 5 
and 6, and a lower position (not shown) in which seal rings 
on its lower end enter the upper end of section 40 below 
5 port 45 to close the connection between the lower 
passageway section and the side port, thus closing the 
passageway means through the tubing hanger. 

As described in the aforementioned Patent No. 
5,143,158, the elongate valve member 42 is adapted to be 

10 reciprocated between its opened and closed positions by 
pressure fluid from a remote source, as for example, on or 
about the Christmas tree. For this purpose, the valve 
member has an intermediate piston 42A sealably reciprocal 
within an enlarged annular chamber 41A about the cavity, 

15 and carries seal rings 43 and 44 about its upper and lower 
ends for sealabiy sliding within the upper and lower 
portions of the cavity above and below the annular chamber. 
Seal rings 43 and 44 remain within the cavity in both the 
opened and closed positions of the valve, while, as above 

20 described, the lowermost seals 46 about the valve member 
move from positions above the side port in the open 
position of the valve to positions below the side port in 
the closed position thereof so that the seal rings 44 and 
46 bridge the side port and thus close the passageway 

25 means. Fluid pressure may be supplied to or exhausted from 
opposite sides of the piston within the chamber through 
ports connecting with a suitable remote source, as 
explained in the above noted patent. 

The secondary emergency shutoff valve also includes an 

30 elongate vertical cavity 50 extending parallel to the first 
or main shutoff valve, but oriented rotationally with 
respect thereto. As shown in Fig. 6, the upper end of the 
passageway section 46A shown in Fig. 5 is connected to a 
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lower intermediate portion of the cavity 50 by means of a 
side port 51 (see Fig. 6) to provide an inlet thereto. The 
upper portion of the cavity is in turn connected through a 
lateral port 52 to provide an outlet therefrom connecting 
with an upward section 53 of the passageway means which 
connects at the upper end with the upward end of the tubing 
hanger within the recess surrounded by its upper tubular 
extension, as shown in Fig. 8. 

As shown in the drawings, the second valve includes a 
valve member 54 comprising a spool having a pair of 
vertically spaced rings 55 and 56 sealably reciprocable in 
the cavity 50 and connected by a stem 57. In the upper 
position of the valve member, shown in Figs 1 and 2, the 
upper ring 55 is above the side port 52, and the lower ring 
15 is below the lower side port 51, thus forming a connection 
between lateral ports 51 and 52 and thus the upper and 
lower vertical sections of the passageway means. However, 
upon shifting of the valve member downwardly to the 
position of Figs. 3 and 4, the upper ring 55 is disposed 
20 between the lateral ports 51 and 52, thereby closing the 
passageway means, as may be desirable upon malfunction of 
the primary valve upstream of the emergency valve. 

The upper end 61 of an enlarged opening about the 
cavity 41 for the primary valve is closed by a plug 60, so 
25 that upon removal of the plug, the valve member 42 may be 
moved therethrough for repair or replacement. The upper 
end of the cavity 50 for the second valve is also closed by 
a plug 62 such that it too may be removed for repair or 
replacement. The lower side of the plug 62 provides a stop 
to locate the emergency valve member in its upper open 
position, as shown in Figs. lA and IB. 

A hole 63 is formed through the stem 57 and rings 54 
and 56 of the emergency valve member to connect at its 
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lower end with the lower end of the lower ring and at its 
upper end with a slot 65 formed in the threaded hole to 
receive plug 62, as shown in Figs. 1, 3 and 8, and thus 
with the recess in the lower tubular extension 26 of the 
5 tree in which an upward extension 2 OA of the passageway 
means in the Christmas tree 20 is formed for leading to a 
suitable flow control system in or connected with the tree. 
More particularly, the cross-sectional areas of the rings 
are essentially equal so that the valve member is pressure 

10 balanced and normally held in its upper position open by 
frictional engagement of the pistons with the cavity. The 
pressure balance of the valve member also permits it to be 
raised upwardly and returned to its open position with a 
minimum of force. 

15 A rod 70 extends upwardly from the upper end of the 

upper piston and guidably through a hole 71 in the plug 62 
closing the upper end of the cavity and into the annular 
recess formed within the lower tubular extension of the 
tree which leads to passageway section 2 OA in the tree. 

20 The upper end of the rod is thus disposed beneath a ring 72 
carried within the recess for connection to the lower ends 
of pistons 73 sealably reciprocal within cylinders 74 
formed in the lower end of the recess in the Christmas 
tree. Thus, upon lowering of the pistons from the upper 

25 position shown in broken lines in Fig. lA to the lower 
position shown in Fig. 2A, the ring engages and lowers the 
rod 70, and thus the valve member, downwardly to its closed 
position. 

The ring is bolted to the lower ends of the pistons, 
30 and a groove 75 is formed about its inner diameter for 
access by any suitable tool to permit the emergency valve 
to be raised to its open position. Like the malfunctioning 
primary valve member, the second valve member may also be 
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replaced or repaired. 

As previously described, the sources of pressure fluid 
for opening and closing the primary valve and closing the 
emergency valve, are independent of one another. Such 
sources may be in or around the Christinas tree or from an 
remote operated vehicle adapted to be moved into connection 
with the blowout preventer or the Christmas tree. 
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CIAIMS 

1. A subsea wellhead, comprising 

a wellhead housing having a bore therethrough, 
a tubing hanger supported within the bore of the 
housing to suspend a tubing string within the 
well bore, and having first passageway means 
connecting the annulus between the casing and 
tubing strings beneath the tubing hanger with its 
upper end, 

a Christmas tree removably mounted on the housing 
above the upper end of the tubing hanger and 
having second passageway means forming a 
continuation of the upper end of the first 
passageway means, 

a first valve including a first valve member installed 
in the first passageway means and having means 
thereon which is responsive to a remote source of 
fluid pressure for selectively moving said first 
valve member between opened and closed position, 
and 

a second valve including a second valve member 
installed in the first passageway means in series 
with the first valve member and having means for 
moving said second valve member from a normally 
open to a closed position independently of 
operation of the first valve member. 

2. A wellhead of the character defined in claim l, 
wherein, 

said means for moving the second valve member includes 
means thereon which is responsive to a second 
source of fluid under pressure. 
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3. A wellhead of the character defined in Claim 1 or 
Claim 2, wherein 

the tubing hanger has an elongate cavity with a side 
inlet from and a side outlet to the first 
passageway means, and 

said second valve member includes a spool sealably 
shiftable longitudinally within the cavity 
between open and closed positions respectively 
connecting and disconnecting the inlet and 
outlet. 

4. A wellhead of the character defined in claim 3, 
wherein 

the spool has a hole therethrough to balance forces 
due to fluid pressure on its opposite ends* 

5. A wellhead of the character defined in Claim 3 or 
Claim 4, wherein 

said second valve member has a stem extending through 
one end of the cavity, and 

a piston is reciprocable in a cylinder in the 
Christmas tree and adapted to receive fluid 
pressure from a remote source of pressure fluid 
to urge it against the stem and thus move the 
second valve member from open to closed position. 

6. A wellhead of the character defined in claim 5, 
wherein 

the stem has means thereon which, upon removal of the 
Christmas tree, may be grasped from above the 
tubing hanger in order to move the second valve 
member back to open position. 

7. A tubing hanger for use in a subsea wellhead housing 
having a bore therethrough and a casing hanger supported 
within the bore of the housing to suspend a casing string 
therefrom , compr i s ing 
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a tubular body having a bore therethrough and adapted 
to be landed within the bore of the housing to 
suspend a tubing string connected to its bore 
within the casing string and having passageway 
means which, upon landing of the tubular body, 
connects the annulus between the casing and 
tubing strings with the upper end of the tubing 
hanger and thus with another passageway means in 
a Christmas tree adapted to be removably mounted 
on the wellhead housing above the tubing hanger, 

a first valve including a first valve member installed 
in the passageway means in the hanger body and 
having means thereon responsive to a remote 
source of pressure fluid for selectively moving 
the first valve member between opened and closed 
positions, and 

a second valve including a second valve member 
installed in the passageway means in the hanger 
body in series with the first valve member and 
having means for moving said second valve mexaber 
from a normally open to a closed position 
independently of operation of the first valve 

8. A tubing hanger of the character defined in claim 7, 
wherein, 

said means for moving the second valve member includes 
means thereon which is responsive to a second 
remote source of fluid under pressure. 

9. A tubing hanger of the character defined in Claim 7 
or 8, wherein 

said second valve member has means thereon which is 
accessible, upon removal of the Christmas tree 
from above the upper end of the tubing hanger, to 
permit it to be moved from closed to open 
positions. 
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10. A txibing hanger of the character defined in Claim 7, 
8 or 9, wherein 

the tubing hanger body has an elongate cavity with a 
side inlet from and a side outlet to the 
passageway means therein, and 

said second valve member includes a spool sealably 
shiftable longitudinally within the cavity 
between open and closed positions respectively 
connecting and disconnecting the inlet and 
outlet. 

11. A tubing hanger of the character defined in claim 10, 
wherein 

the spool has a hole therethrough to balance forces 
due to fluid pressure on its opposite ends. 

12. A tubing hanger of the character defined in Claim 10 
or 11, wherein 

said second valve member has a stem extending through 
one end of the cavity, in position to be engaged 
by a piston reciprocable in a cylinder in the 
Christmas tree to urge it against the stem and 
thus move second valve member to closed position. 

13. A tubing hanger of the character defined in claim 12, 
wherein 

the stem has means thereon which, upon removable of 
the Christmas tree, may be grasped from above the 
hanger body in order to move the piston back to 
open position. 

14. A subsea wellhead substantially as hereinbefore 
described and illustrated in the accompanying drawings. 


15. A tubing hanger substantially as hereinbefore 
described and illustrated in the accompanying drawings- 
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